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Overview

e Goal: Understand impact of COVID-19 mitigations in Virginia
* Approach:

* Calibrate explanatory mechanistic model to observed cases
* Project based on scenarios for next 4 months
* Consider a range of possible mitigation effects in "what-if" scenarios

* Outcomes:
* ||, Confirmed, Hospitalized, ICU, Ventilated, Death
* Geographic spread over time, case counts, healthcare burdens

UNIVERSITYs VIRGINIA

BIOCOMPLEXITY INSTITUTE



Key Takeaways

Projecting future cases precisely is impossible and unnecessary.
Even without perfect projections, we can confidently draw conclusions:

e Case rates in Virginia continue to decline with pace accelerating in some districts

VA mean weekly incidence down to 6/100K from 8/100K, US down (10 from 12 per 100K)

Vaccination rates have slowed considerably, but population immunity now estimated over 60%

Projections show declining rate overall across Commonwealth

Recent updates:
* Minor updates to measured acceptance levels, validated with additional national survey
* Minor update to Fatigued Control scenario, with quicker time to full fatigue and limits on duration
* Added vaccination scenarios to compare status quo acceptance levels against expanded optimistic levels

The situation continues to change. Models continue to be updated regularly.
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Situation Assessment
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County level test positivity
from RT-PCR tests.

BRe8R: <5.0%

(or with <20 tests in past 14 days)

Yellow: 5.0%-10.0%

(or with <500 tests and <2000 tests/100k and
>10% positivity over 14 days

B8 >10.0%

(and not “Green” or “Yellow”)
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District Trajectories

Hockey stick fit
. . . . . Portsmouth
Goal: Define epochs of a Health District’s COVID-19 incidence o= T
to characterize the current trajectory e I
Method: Find recent peak and use hockey stick fit to find ' i
inflection point afterwards, then use this period’s slope to ?
define the trajectory ] e - o

Apr
2020

Descriotion Weekly Case Rate # Districts
P (per 100K) bounds (prev week)
Declining Sustained decreases following a recent peak below -0.9 25 (24)
Steady level with minimal trend up or down above -0.9 and below 0.5 7 (5)

Sustained growth not rapid enough to be considered

above 0.5 and below 2.5 3 (6)
a Surge
Currently experiencing sustained rapid and
In Surge significant growth 2.5 or greater 0(0)
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District Trajectories — last 10 weeks
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Estimating Daily Reproductive Number

May 17t Estimates

State-wide
Central
Eastern
Far SW
Near SW
Northern
Northwest

Methodology

Date

Confirmed R.

0.697
0.802
0.694
0.750
0.711
0.567
0.877

Date Confirmed
Diff Last Week

-0.080
0.030
-0.064
-0.034
-0.200
-0.281
0.231

» Wallinga-Teunis method (EpiEstim?) for cases by confirmation date

* Serial interval: updated to discrete distribution from observations (mean=4.3, Flaxman et al, Nature 2020)
* Using Confirmation date since due to increasingly unstable estimates from onset date due to backfill

1. Anne Cori, Neil M. Ferguson, Christophe Fraser, Simon Cauchemez. A New Framework and Software to Estimate
Time-Varying Reproduction Numbers During Epidemics. American Journal of Epidemiology, Volume 178, Issue 9, 1

November 2013, Pages 1505—-1512, https://doi.org/10.1093/aje/kwt133
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Changes in Case Detection -
Test positivity vs. Onset to Diagnosis
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Vaccination Administration Slows

Regional Vaccine courses initiated

VHASS Reg
20000 { — central per day:
e « Total counts of first dose of
—— Near SW vaccines across regions
15000 { — Northern * Significant declines starting at
—— Northwest

the end of April
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Vaccine Acceptance Data Sources

Cactagaoll Unterty Household Pulse Survey COVID-
DELPHI GROUP o ABOUT w I COVIDCAST w ﬁ FLU AND OTHER DISEASES E BLOG Q GITHUB 7S &
19 Vaccination Tracker

Displaying | Vaccine Acceptance for  Counties ¥ on  Apri23,2021 { > )
MAY 05, 2021
Percentage of people who either have already received a COVID ine or would definitely or probably choose to receive one if it were offered |
to them today, based on surveys of Facebook users - . .
4 Y Household Pulse Survey COVID-19 Vaccination Tracker

Vaccine hesitancy

Use the slider to see daj@ forthe ' 4/26/2021
collection period end™ggD:

69.7% of U.S. adults 18 years and older have received

(+-05%)  atleastone dose of a COVID-19 vaccine. Updated this
97.6% of those who have received at least one dose of a vaccine week
(+/-0.3%) have received or plan to receive all required doses.

Estimated Vaccination Rates by State: April 14 - 26, 2021
Hover over a state to view the percentage of vaccinated adults in that state.

Percentage of adults
who have received at
least one dose of a
COVID-19 vaccine
[ 20.0- 100.0%
[ 80.0-89.9%
B700-79.9%
[ 60.0-69.9%

50.0 - 59.9%

40.0 - 49.9%
1130.0-39.9%
B 200-299%
B 10.0-19.9%
Joo-9.9%

COVIDcast / Facebook Survey Census Household Pulse Surveys (HPS)

. . https://www.census.gov/library/visualizations/interactive/household-pulse-survey-
https '//COVI dcast.cmu.edu covid-19-vaccination-tracker.html
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Vaccination Acceptance — Comparison of Sources

Measured acceptance varies across sources:

* COVIDcast / Facebook (FB): Both corrected and actual measurement

* FluVax: Acceptance levels in VA for influenza vaccine during 2019-20 flu season

* Household Pulse (HPS): Census administered survey, but with some time delay till release (most recent

for fortnight ending April 26", 2021)
* HPS has highest overall, while FluVax is expectedly the lowest

e Corrected HPS and COVIDcast are very similar for VA at the state level, and approach FluVax

Virginia Vaccine Acceptance levels

87.1 B Flu|2019-20|18+
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Vaccination Acceptance by Region

Corrections to COVIDcast survey:
* Facebook administered survey is timely and broad, but biased by
who accesses Facebook and answers the survey
e Correction approach:
* Calculate an over-reporting fraction based on reported
vaccinations compared to VDH administration data
* Cross-validate coarse corrections against HPS survey at the
state level and corrected in same manner

100

[ accept.reg Bars: Survey measured and
[0 propvax_reg .
80 1 corrected acceptance by region &
. * : proportion of eligible population
60 | " o _ .
= : administered a vaccine

- Dots: Proportion administered at
least one dose for each county

40

propvax_county
5
%

20 1

Central
Eastern
Far SW
Near SW
Northern
Northwest

VHASS_Reg
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: COVIDcast COViDcast _ PH ~~ COViDcast
Region proportion reported
corrected uncorrected ) .
vaccinated vaccinated
Northern 61% 86% 59% 81%
Central 54% 77% 52% 72%
Northwest  54% 77% 53% 75%
Near SW 52% 76% 47% 71%
Eastern 48% 77% 47% 74%
Far SW 49% 70% 41% 62%
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Vaccine Acceptance in Virginia - COVIDcast

Acceptance remains high:

* Proportion of Virginians that have already or would definitely or
probably accept vaccination if offered today

e Survey respondents are reporting high levels of vaccination of ~70%
reflecting some bias of the mechanism

e Over 80% of Virginians have already or will choose to be vaccinated

* Top reasons for hesitancy: side effects, safety, distrust (increasing)

* More likely to take if recommended by doctors and friends

80 -
60 -
40 -

20+

Data Source: https://covidcast.cmu.edu
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Vaccine Acceptance by Region- COVIDcast

Levels of Acceptance and potential acceptance in flux:
* Nearly all the “Definitely Yes” have been vaccinated, yet there are 5-10% remaining across the regions
* Northwest and Southwest (to lesser degree) see growth in “probably not”, seemingly from “definitely not”
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SARS-CoV?2 Variants of Concern

Emerging new variants will alter the future trajectories
of pandemic and have implications for future control

* Emerging variants can:
* Increase transmissibility
* Increase severity (more hospitalizations and/or deaths)
e Limit immunity provided by prior infection and vaccinations

Genomic surveillance remains very limited

* Challenges ability to estimate impact in US to date and
estimation of arrival and potential impact in future

Mutation prevalence in lineage
not detected

0 100%

TP I PR S N NN N, | o A NI 3
& 6\00 \b'\xb@ Q@‘b\ CaRS '\\Q’ AN

@QO NS w\\“hoe O N N R
& TP TP e P $

Variant /
Mutation of
Interest

-- ! - L . .. .. . .. . (372,310 seqs)
oY N CL ] HEE B (10,063)

N H B H EH B II.I “079)

B.1.617 (595)

H B 00 H B
i EEEEE BN EEN BN EEEEEE (20037)

6’ (/ /\ 0 M/ /r 4’ 4/ 4 O '5' 7 O
“ e 904/ s Qé‘ 004 st /69 /90 ‘7’50%4/7’)7?6% %oy )Oo%os‘%y % 2 %)’@/ @5’&%)//"9&")&

19-May-21 @ outbreak.info Outbreak Info

United States

Prevalence

Virginia
B117 Adaptive Prevalence 104
B.1.1.7 f
B.1.351
B.1.429 0.8 4
P.1 /
B.1.617.2 /\; 8
B.1.617.1 / C o6
B.1.526 / a
B.1.526.1 i g
B.1.526.2 i W o044
./:‘
ff,‘ 0.2 4
NS
o~ / A o0

(GISAID} Outbreak Info

Use the controls te focus on a specific region andior 2-week interval
HHS Region % Nowcast On Two weeks ending
Fiegion 3 - Delveare, Disiici of __+ Nowsast OFf wauzet Vo<

HHS Reglon 3: 1/31/2021 — 5/8/2021 HHS Region 3: 4111/2021 — 4/24/2021
*ok
Region 3 - Delaware, District of Columbia, Maryland, Pennsylvania,
= Virginia, and Wast Virginia

Lneage  Type  wiotal  95%CI
VOC  661%  59.472.2%

CDC Variant Tracking

17


https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant-cases.html
https://outbreak.info/situation-reports?country=United%20Kingdom&country=United%20States&division=California&division=Virginia&pango=B.1.1.7&selected=United%20States&selectedType=country
https://outbreak.info/situation-reports?country=United%20Kingdom&country=United%20States&division=California&division=Virginia&pango=B.1.1.7&selected=United%20States&selectedType=country

United States - 78.5% (B.1.1.7) Virginia - 83.9% (B.1.1.7)

SARS-CoV2 Variants of Concern

Lineage B.1.1.7 N T

60%

Prevalence: Levels have rapidly risen, as anticipated, and now are plateauing at national
level and in many states, seemingly in VA as well

Transmissibility: Estimated increase of 50% compared to previous variants. B.1.1.7’s il
mutations aids its infection efficiency, and thus boosts its overall levels of viremia; study from = * * * =~ = B oo '

Public Health England shows contacts of B.1.1.7 cases are more likely (50%) to test positive
than contacts of non-B.1.1.7 patients

Severity: Increased viremia also appears to increase the risk of hospitalization (60%) and
mortality (60%). Danish study shows B.1.1.7 to have a 64% higher risk of hospitalization,
while Public Health Scotland studies showed a range of 40% to 60%; Study in Nature based
on UK data estimates B.1.1.7 cases have 60% higher mortality

° United States - 0.0% (B.1.351) Virginia - 1.1% (B.1.351)
LI n eage B . 1 . 3 5 1 Source: outbreak.info Source: outbreak.info
%1351 25% FTEE
5000

Prevalence: Levels have remained low, as this variant’s transmissibility can’t compete with
B.1.1.7, however, as more of the population becomes immune it may gain an advantage

Immune Escape: Many studies show that convalescent sera from previously infected
individuals does not neutralize B.1.351 virus well which is predictive of protection, however,

F & F ® F ZF

vaccine induced immunity shows signs of effectiveness

Lineage B.1.429/427 and B.1.526 and subvariants

e Combined account for around 20% of circulating virus, share may be shrinking as B.1.1.7

outcompetes
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https://outbreak.info/situation-reports?pango=B.1.1.7&selected=USA_US-VA&loc=USA&loc=GBR&loc=USA_US-VA
https://www.medrxiv.org/content/10.1101/2021.03.31.21254687v1.full.pdf+html
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3792894
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/961042/S1095_NERVTAG_update_note_on_B.1.1.7_severity_20210211.pdf
https://www.nature.com/articles/s41586-021-03426-1_reference.pdf
https://outbreak.info/situation-reports?pango=B.1.351&selected=USA_US-VA&loc=USA&loc=USA_US-VA
https://www.medrxiv.org/content/10.1101/2021.03.17.20200246v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.03.09.21252641v1.full.pdf
https://www.nejm.org/doi/full/10.1056/NEJMc2104036
https://www.cell.com/action/showPdf?pii=S1931-3128%2821%2900137-2
https://www.biorxiv.org/content/10.1101/2021.02.27.433180v1.full.pdf
https://outbreak.info/situation-reports?pango=B.1.429&loc=USA&loc=USA_US-CA&selected=USA_US-CA
https://outbreak.info/situation-reports?pango=B.1.427&loc=USA&loc=USA_US-CA&selected=USA_US-CA
https://outbreak.info/situation-reports?pango=B.1.526&loc=USA&loc=USA_US-NY&selected=USA_US-NY
https://outbreak.info/situation-reports?country=United%20Kingdom&country=United%20States&division=California&division=Virginia&pango=B.1.1.7&selected=United%20States&selectedType=country

Source: outbreak.info

SARS-CoV2 Variants of Concern ...  ——5

Lineage P.1

* Prevalence: Nationally at 13.2%, though lower in VA at 3.2% g

100

* New study estimates 17-32% of all infections in Manaus in 2021 were w .

. . . . . . ’
reinfections, which helps explain data from Brazil demonstrating P.1’s | T |
. . . . N e Infer that 16.9% (95% CI [9.48%, 28.5%)]) of all presumed P.1 infections that were
observed in 2021 were reinfections. Including probable or possible reinfections this
CO ntl nu ed d ominance In RIO d esp Ite p resence Of B . 1 . 1 . 7 expand to 25.8% (95% Cl [16.7%, 37.4%]), and 31.0% (95% Cl [21.4%, 42.5%)).
Virginia - 3.2% (B.1.617.2) medRxiv
Source: outbreak.info SPREAD OF SARS-CoV2 VARIANTS OF CONCERN IN THE UK

Lineage B.1.617.2 and subvariants B.1.617.2 & B.1.617.1 [

* Continues to drive outbreak in India and neighbors, with immeasurable
numbers of cases surpassing healthcare capacities in many regions

* Categorized as VoC by Public Health England, WHO, expect CDC to follow

e Strain shows continued growth in UK, Europe and lesser extent in US

N
Collection date

Transmissibility of different variants In UK, measuring drop in B.1.1.7 and

* Several studies estimate B.1.617.2 to have 100% faster growth than Compaeaog 1T updated it gives growth rate advantage
B.1.367 ——— ! of 13% per day over B.1.1.7 Twitter
B.1.1.7, and UK study suggests a 13% advantage over B.1.1.7 -
1.160

. .. . .. s - Multi country

e More studies show limited immune escape similar to B.1.351, however analysis to

’ ’ e * assess the
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5 ~ convalescent sera and vaccine-elicited antibodies). 51525 . to B.1.1._7.

< i » Similar levels for E484Q and E484K. The modest e - _Blases Ilkc_ely
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https://www.medrxiv.org/content/10.1101/2021.05.10.21256644v1.full.pdf
https://outbreak.info/situation-reports?pango=P.1&selected=BRA&loc=BRA&loc=USA&loc=USA_US-CA
https://www.medrxiv.org/content/10.1101/2021.05.10.21256644v1.full.pdf
https://virological.org/t/genomic-surveillance-of-sars-cov-2-in-the-state-of-rio-de-janeiro-brazil-technical-briefing/683/1
https://outbreak.info/situation-reports?pango=B.1.617&loc=IND&loc=GBR&loc=USA&selected=IND
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/984274/Variants_of_Concern_VOC_Technical_Briefing_10_England.pdf
https://twitter.com/trvrb/status/1392132896576602119
https://github.com/hodcroftlab/covariants/tree/master/web/data
https://twitter.com/HJWesteneng/status/1393583773015478272
https://www.biorxiv.org/content/10.1101/2021.05.14.444076v1.full.pdf
https://www.biorxiv.org/content/10.1101/2021.05.14.444076v1.full.pdf
https://twitter.com/twenseleers/status/1394573359338381312
https://www.biorxiv.org/content/10.1101/2021.05.14.444076v1.full.pdf
https://twitter.com/HJWesteneng/status/1393583773015478272

Race and Ethnicity cases per 100K
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Case Rate per 100K

Rates per 100K of each Racial-Ethnic population
by Health District
Each Health District’s Racial-Ethnic population is

plotted by their Hospitalization and Case Rate
Points are sized based on their overall
population size (overlapping labels removed)
Change in rates over the last 2 weeks

Case Rate Change in last 14 days

i
Northwest

Health District

20



Other State Comparisons

Trajectories of States

Indiana - Plateau
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* Nearly all states are plateaued, several now in significant decline

» Some states in West are growing but may be leveling off their pace

= Counge P
S

Virginia and her neighbors

Ohio - Plateau

o
West Virginia - Plateau

e
orth Carelina - Plateau
o

N~

Pennsylvania - Plateau

Virginia - Plateau

th Carolina - Plateau

N

New Jersey - Plateau

Maryland - Plateau

* Many neighbors are now below 10/100K level

il UNIVERSITY/ VIRGINIA
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Connecticut - Plateau

AW

e
District of Columbia - Plateau
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* VA and neighbors remain in plateau, with declines increasing



Recent Incidence Compared to Summer 2020

Recent Incidence Compared to Weekly Summer Mean by County
Mean: 1.11; Median: 0.82; IQR: 0.44-1.55

Ratio of Recent Case Rate compared to

mean Case Rate during Summer 2020

 Ratio continues to decline, with only
41% of counties remain above average
of last summer

» -
- 7l

0.5 1.0 1.5 2.0 2.5 3.0
Proportion of Last Week's Incidence to that of Weekly Summer Mean
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Distributions - Hospitalizations

Shifting Age Distribution of cases being

hospitalized

* Dual forces of vaccinations in older groups
and severity of B.1.1.7 are shifting the age
distribution of hospitalized patients

* Pennsylvania continues to make progress
shrinking the share of 70+ hospitalized

* Massachusetts, with high levels of
vaccinations, has almost eliminated
hospitalizations, and the share of 70+ has
stalled but at very low levels

* Virginia has made significant progress against
70+ hospitalizations and driven its rates
down significantly, while others, like 0-19 and
20-49 continue to grow



Zip code level weekly Case Rate (per 100K)

Case Rates in the last

week by zip code

Rank Zip Code Name Prev Point Prevalence by Zip Code Point Prevalence
. . i 23960 Prospect 1,090 (2021-05-15) High : 2000+
Concentrations in 2 23942 Green Bay 740 . _—
Southwest, which was 3 24553 Gladstone 700 -
preceded by cluster of 4 23040 Cumberland 500 -
. 5 24352 Laurel Fork 480 Low: 0
increased HCW rates last 6 24631 Oakwood * 480 U= ActisiSammail-100;000
week 7 24375 Sugar Grove 470 ggg:)argsssed*
8 24556 Goode 450 - Data
Still some universities in 9 24230 Coeburn * 430
top 10 10 23069 Hanowver * 430

Only includes zips with pop = 1000 and no supp. data.
* Denotes zip codes with state prisons.

Some counts are low
and suppressed to
protect anonymity, those
are shown in white

Based on Spatial Empirical Bayes smoothed point prevalence for week ending 2021-05-15.

il UNIVERSITYsVIRGINIA

19-May-21 BIOCOMPLEXITY INSTITUTE 24




Risk of Exposure by Group Size and HCW prevalence

Case Prevalence in the last week by zip code used to calculate risk of encountering
someone infected in a gathering of randomly selected people (group size 25)

* Group Size: Assumes 2 undetected infections per confirmed case (ascertainment rate from recent
seroprevalence survey), and shows minimum size of a group with a 50% chance an individual is infected by
zip code (eg in a group of 23 in Prospect, there is a 50% chance someone will be infected)

 HCW prevalence: Case rate among health care workers (HCW) in the last week using patient facing health
care workers as the denominator

Rank Zip Code Name Size Group Size Needed for 50% Group Size HCW Point Prevalence by Zip Code Point Prevalence

1 23960 Prospect 23 Likelihood of 21 Infected y High : 450+ (2021-05-15) High': 800+
2 23942 Green Bay 26 390 | 600
3 24553 Gladstone 28 - 330 L
4 23040 Cumberland 29 270 g 800
5 24352 Laurel Fork 29 210 48 o0
6 24631 oakWOOd * 32 150 % / Units = Active Cases / 100,000
7 24375 Sugar Grove 34 %0
8 24556 Goode 34 eal
9 24230 Coeburn * 40 .
10 23069 Hanower * 47 % 3 E B NaN

Only includes zips with pop = 1000 and no supp. data.
* Denotes zip codes with state prisons.

Based on Spatial Empirical Bayes smoothed point prevalence for week ending 2021-05-15.

Note: Scale differs from general public prevalence maps.

19-May-21 25
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Current Hot-Spots

Case rates that are significantly different from neighboring areas or model projections

* Spatial: SaTScan based hot spots compare clusters of zip codes with weekly case prevalence higher than
nearby zip codes to identify larger areas with statistically significant deviations

 Temporal: The weekly case rate (per 100K) projected last week compared to observed by county, which
highlights temporal fluctuations that differ from the model’s projections

Spatial Hotspots Temporal Hotspots

Spot Zip Code Name Conf. Point Prevalence Hot SpOtS by Zip Code Getis-Ord Gi* HotSpots Week]y Point Prevalence Model Residuals Resid;lli;lh 500
1 23960 Prospect 99% (2021-05-15) I B cold Spot - 99% Confidence Model 5SMAY Predicting thlvlorEe Castesd l 400
0 SN e ; _05- 2R s an Expecte
2 23942 Green Bay 99% SFrederick ™ Cold Spot - 95% Confidence Week ending 2021-05-16 Srrederickn, /N 300
3 23040 Cumberland 99% S0/ M SN 200
/ / - -
4 24553 Gladstone 99% S L ;. OiopotsS0ALCmIdence - 100
5 24230 Coeburn * 99% = /“ /7 & 7z & //\}r Not Significant ’,s,t:e e 0100
6 24201 Bristol 95% Ji N e \Euqme,‘\ G Fairax Hot Spot - 90% Confidence i et Rappa Fauquier’ _200
) N 1 D, \ \ 3 N Y &
7 24340 Glade Spring  95% fRocngramy/Pae A% N\ = o fRockingham"y Page N 2
pring ™ / Lo N N [ Hot Spot - 95% Confidence i / e N N -300
: o 0N AL A S Noupepe /Y . A NCueper < Y Fewer Cases
§ 23002 AmelialCh Ho. 5% Lo SSONR sy S Hot Spot - 99% Confidence e N - B P E L -400
Highland \ " > - + Highland / 7 X (W than Expected
9 24556 Goode 95% ¢ N P -0 < / SN e e Low : -500
10 24631 Oakwood * 95% 7 ""'%%/Augusra O \/ O Va7 P e o y ' ” Cases /100,000
/ R e 4 7 oL atian = AN
11 24517 Altavista 90% Nl O R a7 y  Absmae g Lova =77
2 & N AT TR f / / . Nk / N — -
Only includes zips with pop = 1000 and no supp. data. ¥ 3 -'—\/J?Rockbridgi; v _‘AVDEman/e / \ / - M x;/Rockbndge et i o \\V\& 3 s & . /
* Denotes zip codes with state prisons. ‘)» & - ;/ o y/\, \_“\ Neleon \b o ~ ) / ‘_/_/ /A,/ 7’(/ e "‘»\‘ A, \ N 4 \ i 2 ““ iy A
b § A y ~ a0 — / & S r : ¢ | /
4 o \ gr4’ Buckingham { R z,': - Amherst h\\ Buckingtiam /. [ L A ¥, = \ A
3 \p/‘§' VA / ) ’ ey Vi A / % o
Y 5 J 3 N L i y ; v N ppmtte I/ Northampton
A o \ b 9 T A A A Bedford R W !
P i > e (o, bl 2 g e P il i Campbell 1 155 Yok
pdl \ B Tezewen S Blnd 37 S Mot | N g [ ; ‘ N A Tazewel . L Nottoway~ T
iwise W5, J\\.N AN ),/‘, ,_/_,,»'.‘-\Pulaskl{ e 3 3 (£ cnanoue\r”" o 1 Dinwiddie ‘ AL Iwise, AV 2 L 3 pORY ./ Chariotte * \ Dinwiddie | -
i % (" Russel I/ Wythe A(WF‘loyd /‘J Frenn { { g | Lunenburg | e o ‘ f‘ £ ; Russell 4 ‘ < / Framdn / / ’ ﬁ". o 75”559* Yy
i "u\// s N i\ e ;’” = Eltayeoie | Halifax  § / "“L‘answ&c:r = ;‘ s e _f i /Washms‘ - i St [ Halfax § ‘answick‘ o J
e st (T g e 2 e\ @ X ecktenturg | ) o o sufok S\ P o S ¥ o patrek \ Q| [ (- ecklenou g B / g4/
/ _\Na® oo (T | Hemry | oy | o / ™y ] | \ U ST ? 7 T AT ey | o ;T | A bi N\
Based on Global Empirical Bayes smoothed point prevalence for week ending 2021-05-15. Moran'si1=0,005149,2:Store =.0.:400905, P-Value =.0,640568

No Residual Autocorrelation Detected
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Social Vulnerability and Recent Vaccination Rates

Comparison of social vulnerability and vaccination rate in last 2 weeks by county

* Social Vulnerability: Each county’s Social Vulnerability Index (CDC) compared with the level of vaccination

Vaccinations versus Social Vulnerability Index

Quantiles
(2021-05-02 to 2021-05-15) S svI
) [ | Vaccine Doses

2,000 ®
. 1015 02 025 03 035 04 045 05 055 06 065 07 075 08 08 09 095 1
Wh Ite N H Ig h VaX_ Lowosv*rability Index

Pink:  High Vax-High SVI i AT G Yy
Blue:  Low Vax-Low SVI i
Purple: Low Vax-High SVI Arhest $ickingham % g

. . edfor Amelia
'Buchanan

Chesterfield

X

Soet
Brunswicks

19-May-21 27



Social Vulnerability and Total Vaccination Rates

Comparison of social vulnerability and total vaccination rate since the start of vaccination

* Social Vulnerability: Each county’s Social Vulnerability Index (CDC) compared with the level of vaccination

Vaccinations versus Social Vulnerability Index

(Start to 2021-05-15) |
Orange

— Vaccine Doses
L
: 2
(5 ~
-"' \ »
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range 1 Q é
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N SvI

N

Nottoway,

00000
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Model Update — Adaptive Fitting
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Adaptive Fitting Approach

Each county fit precisely, with recent trends used for 5 Fairfax County 21059
future projection 0]

25

* Allows history to be precisely captured, and used to guide bounds o
on projections s |

Model: An alternative use of the same meta-population  *]

model, PatchSim
FEI-b M:ar ﬁqI:-r M.Iay Juln Jull

* Allows for future “what-if” Scenarios to be layered on top of 2020
calibrated model

* Eliminates connectivity between patches, to allow calibration
to capture the increasingly unsynchronized epidemic

date

External Seeding: Steady low-level importation S N (W) AL
* Widespread pandemic eliminates sensitivity to initial / ¥ ARV *
conditions . ) X
* Uses steady 1 case per 10M population per day external Diese Dy BpsaaaSate 1+
seeding Susceptible => . —; IIn_.fe::{tious => Removed
i UNIVERSITY¢/ VIRGINIA
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Using Ensemble Model to Guide Projections

Ensemble methodology that combines the Adaptive with
machine learning and statistical models such as:

* Autoregressive (AR, ARIMA)
* Neural networks (LSTM)
* Kalman filtering (EnKF)

Weekly forecasts done at county level.

Models chosen because of their track record in disease
forecasting and to increase diversity and robustness.

Ensemble forecast provides additional ‘surveillance’ for
making scenario-based projections.

Also submitted to CDC Forecast Hub.

fili UNIVERSITYs VIRGINIA

Virginia
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Seroprevalence updates to model design

Several seroprevalence studies provide better |
picture of how many actual infections have occurred prry 0z s
* CDC Nationwide Commercial Laboratory Seroprevalence
Survey estimated 7.6% [5.6% — 9.8%] seroprevalence as |

639,000
ence Interval: 473,000-825,00

of Jan 7th — 215t up from 5.7% a month earlier

These findings are equivalent to an ascertainment ratio of s
~2x in the future, with bounds of (1.3x to 3x)

* Thus for 2x there are 2 total infections in the population o LT .
for every confirmed case recently | | | -

* This measure now fully tracks the estimated L
ascertainment over time o

e Uncertainty design has been shifted to these bounds | '
(previously higher ascertainments as was consistent feppe et |
earlier in the pandemic were being used)

https://covid.cdc.gov/covid-data-tracker/#national-lab

ili UNIVERSITYs/ VIRGINIA
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Calibration Approach COVID19 i Virginia:

Dashboard Updated: 5/18/2021
Data entered by 5:00 PM the prior day.

. L]
Data:

* County level case counts by date of onset (from VDH) Total Cases* Total Total
« Confirmed cases for model fitting 670,834 Hos mtier Heatts
. . . , 29,290 11,042
e Calibration: fit model to observed data and ensemble’s forecast g NonGwen _— 2 - o

522362 148 472 27,802 1,488 9319 1,723

e Tune transmissibility across ranges of:

lnclud les bolh pcoplc with a positive test (Confirmed), and symptomatic with a known exposure to COVID-19 (Probable).
n of a case is captured at the time VDH performs case investigation. This underrepresents the total number of hospitalizations in

* Duration Of inCUbatlon (5_9 days)l InfeCtiousness (3_7 days) "V'I\rgmma s represent the number of confirmed and probable cases reported to VDH in the past 24 hours
. ) VDH udopu,d the upddl ed CDC COVID-19 confirmed and pmbabl surveillance case de! ﬁmuun s on \ul_usl 27,2020. Found
* Undocumented case rate (1x to 7x) guided by seroprevalence studies e Rt - BERNa

* Detection delay: exposure to confirmation (4-12 days) Total Outbreaks® Outbreak A ic
otal Outbre: utbre ssociated Cases

* Approach captures uncertainty, but allows model to precisely track the full
trajectory of the outbreak 3,519 75,664

* At least two (2) lab confirmed cases are required to classify an outbreak.

* Project: future cases and outcomes generated using the collection of

f i t mo d e I Srun i 1] to t h e f u t ure Testing Encounters PCR Only* Current 7-Day Positivity Rate PCR Only**
7,285,852 3.2%

* PCR" refers to "Reverse transcriptase polymerase chain reaction laboratory testing."
** Lab reports may not have been received yet. Percent positivity is not calculated for days with incomplete data.

ensemble’s forecast used
Syndrome in Children

* Mean trend from last 7 days of observed cases and first week of

* OQOutliers removed based on variances in the previous 3 weeks Total Cases* Total Deaths
* 2 week interpolation to smooth transitions in rapidly changing | 70 | - 0
trajectories o

Accessed 9:00am May 19, 2021

https://www.vdh.virginia.gov/coronavirus/

fili UNIVERSITYs VIRGINIA
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https://www.vdh.virginia.gov/coronavirus/

Scenarios — Transmission Conditions

* Variety of factors continue to drive transmission rates
* Seasonal impact of weather patterns, travel and gatherings, fatigue and
premature relaxation of infection control practices
* Plausible levels of transmission can be bounded by past experience
* Assess transmission levels at the county level from May 1, 2020 — Sept 1, 2020
or current, whichever is highest
* Projection Scenario:
* Adaptive: Control remains as is currently experienced into the future

* Fatigued Control:
* Highest level of transmission (95t percentile) increased by additional 5%

* Transition to this level over 4 weeks, remain at this level for the summer, then return to
Adaptive

 UNIVERSITYo VIRGINIA
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Scenarios — Mixed Variants Condition

Variant B.1.1.7 has reached dominance in Virginia but no longer is
growing at a predictable pace as variants compete Virginia

Other variants with differing levels of transmissibility, immune 7Y
escape, and impacts on severity also exist, to varying degrees

Transmissibility boosting effects and growth of variants are no longer
predictable

* Rely on adaptive fitting to find transmissibility trends for projection

* Immune Escape

* Many variants demonstrate the ability to evade immunity, both natural and
vac(cjinle—induced, uncertainty remains high thus this is not factored into the
mode

Impact on Severity 004 e

* Assume current variant prevalence remain relatively stable into future

* Severity increases: -
@ outbreak.inf ‘GISAID
* B.1.1.7= 1.6 times hospitalization and death — tbrIo ol
 P.1=1.5times hospitalization and death
* B.1.351 = 1.5 times hospitalization and death

[ ]
o
o
L

P.1
—— B.1.617.2
B.1.617.1

B.1.526
1 — B.1.526.1
B.1.526.2

e
=]

Prevalence

.2

il UNIVERSITYo VIRGINIA
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https://outbreak.info/situation-reports?country=United%20Kingdom&country=United%20States&division=California&division=Virginia&pango=B.1.1.7&selected=United%20States&selectedType=country

Scenarios — Vaccination Conditions

Assumed vaccine efficacies
 Pfizer/Moderna: 50% after first dose, 95% after second dose (3.5 week gap)
* J & J:67% efficacy after first (and only) dose
* Delay to efficacy from doses is 14 days, immunity lasts at least 7m (NEJM study)

Two Vaccine Administration Scenarios

» Acceptance at county level = regional acceptance +/- relative current vax

 Status quo (no label): Slowly reach COVIDcast estimated acceptance level
[statewide 55%] by end of Summer (Labor Day)

* Optimistic (VaxOpt): Expand acceptance to 75% by Labor day [66.7% by July 4™]  \yceuy va doses administered by

—— status quo status quo VaxOpt
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status quo VaxOpt
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NEW DOSES GIVEN TOTAL PEOPLE VACCINATED
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Bars = Daily Value, Line = 7-Day Average
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Scenarios — Combined Conditions

Adaptive .

P C  Mixed
Adaptive-FatigueControl F Mixed
Adaptive-VaxOpt C Mixed
Adaptive-FatigueControl- .
VaxOpt F Mixed

SQ
SQ
VO
VO

Likely trajectory based on conditions remaining similar to
how they are now

Worst case trajectory if control conditions deteriorate to
highest transmission rates of the past

Likely trajectory based on conditions remaining similar to
now, but with improvements to vaccine acceptance

Worst case trajectory if control conditions deteriorate to
worst of the past, with improvements to vax acceptance

Transmission Controls: C = Current levels persist into the future

F = Fatiguing controls drift to worst levels of last summer and persist
Variant Boosting: Mixed = Variety of variants, no future txm boosting, but with severity impacts from current levels
Vaccinations: SQ = Status quo acceptance leads to low rates of vaccination through the summer

VO = Vaccination acceptance optimistically expands with increased rates through the summer
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Model Results
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Daily Confirmed cases

Outcome Projections

Central Eastern Far SW
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data, most recent dates are not complete
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District Level Projections: Adaptive

Adaptive projections by District

Lord Fairfax Loudoun

* Projections that best fit recent trends
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District Level Projections: Adaptive-VaxOpt

Adaptive projections by District
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District Level Projections: Adaptive-FatigueControl

Adaptive projections by District
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District Level Projections: Adaptive-FatigueControl-VaxOpt

Adaptive projections by District
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Hospital Demand and Bed Capacity by Region

Capacities* by Region — Adaptive-FatigueControl-DominantB117
COVID-19 capacity ranges from 80% (dots) to 120% (dash) of total beds
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If Adaptive-FatigueControl-DominantB117 scenario persists:
* No capacity challenges for hospital beds in near-term
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* Assumes average length of stay of 8 days
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Virginia’s Progress on Population Immunity

Population immunity

cccccc I ——
Natural Immunity and Vaccines combine to i ———
produce a population level of immunity i i ——— —
e Duration of immunity from infection with SARS- A =
CoV2 still not well understood TR B ——
* We assume a conservative 6 month period of i —— |
protection for these calculations Y —— R ——— N
 Natural immunity is well calibrated to recent e = |
seroprevalence surveys — "y e —— —
* Vaccine induced immunity is likely to last longer, gastern 589 B e I I
we assume indefinite protection | Far SW c0% oputaton ot
* This also assumes that all administered vaccines S—— 639 80| mm va natura
remain protective against current and future novel s )
Vva rla nts Northern 62% é 60 -
. . . . Northwest ) E
* Population immunity depends on a very high 05% 4o
. . . . Q (] o fur]
proportion of the population getting vaccinated Virginia 62% | =,
* Using regional vaccine acceptance " As of May 9, 2021 NI
Apr Jul Oct Jan Apr Jul Oct
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COVID-19 Scenario Modeling Hub

https://covid19scenariomodelinghub.org/viz.html

Collaboration of multiple

academic teams to e e s By o e encueai | B Scenario for Round 4
orovide national and
state-by-state level
projections for 4 aligned
scenarios that vary
vaccine rates (high — low)
and levels of control
(moderate and low)

o C; Low Vaccination, Moderate NPI o D; Low Vaccination, Low NPI

Incident Cases (in Thousands)

Round 5 updates available 0_ /‘/\w& /’\/\‘,&

this week

Lﬁ. = . @ Epiweek “4-*/ \'_,_ =) o:- .
< % R Y En'd Date for Ep ek b &2 = = S
/. th .
Fu b Ishea May 5 7 2 62 1 n M‘i Z‘I’:k"‘a"n'j'f:cz:fn’::f'”a:r“nz‘”“'y”""‘la’;r';m—-— Observed Incident Cases JHU_IDD-CovidSP JHUAPL-Bucky —— Karlen-pypm MOBS_NEU-GLEAM_COVID USC-Sikjalpha UVA-adaptive |=== Ensemble
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https://www.cdc.gov/mmwr/volumes/70/wr/mm7019e3.htm

Key Takeaways

Projecting future cases precisely is impossible and unnecessary.
Even without perfect projections, we can confidently draw conclusions:

Case rates in Virginia continue to decline with pace accelerating in some districts

VA mean weekly incidence down to 6/100K from 8/100K, US down (10 from 12 per 100K)
Vaccination rates have slowed considerably, but population immunity now estimated over 60%
Projections show declining rate overall across Commonwealth

Recent updates:
* Minor updates to measured acceptance levels, validated with additional national survey

* Added vaccination scenarios to compare status quo acceptance levels against expanded optimistic levels

The situation continues to change. Models continue to be updated regularly.
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Questions?

Points of Contact

Bryan Lewis
brylew@virginia.edu

Srini Venkatramanan
srini@virginia.edu
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ChrisBarrett@virginia.edu
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Estimating Daily Reproductive Number

May 8th Estimates

Date of Onset Date Onset Diff
Last Week

Region

Re

State-wide 0.587
Central 0.643
Eastern 0.602
Far SW 0.714
Near SW 0.658
Northern 0.581

Northwest 0.701
Methodology

* Wallinga-Teunis method (EpiEstim?) for cases by confirmation date
* Serial interval: updated to discrete distribution from observations (mean=4.3, Flaxman et al, Nature 2020)

* Using Confirmation date since due to increasingly unstable estimates from onset date due to backfill

1. Anne Cori, Neil M. Ferguson, Christophe Fraser, Simon Cauchemez. A New Framework and Software to Estimate
Time-Varying Reproduction Numbers During Epidemics. American Journal of Epidemiology, Volume 178, Issue 9, 1

-0.038
-0.040
-0.073
0.053
-0.052
-0.061
0.039

November 2013, Pages 1505—-1512, https://doi.org/10.1093/aje/kwt133
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Weekly Cases and Hospitalizations

Weekly confirmed cases

Weekly Hospitalizations

19

Adapti Adaptive- Adaptive-
Week Adaoti F :p WZ- Adaptive- | Fatigued Adaptive- Adaptive- | Fatigued
Ending aptive : lgtuel VaxOpt Control Week . r:irr: n(taB BestPast- Control
onre -VaxOpt Ending 0 117a Dominant -
B117 DominantB1
4/25/21 9,598 19,599  [9,597 17
4/25/2
5/2/21 (9,747 (9,767 9,850 1 750 750 750
5/9/21 8,858 [8,894  |9,683 5/2/21|659 659 666
5/16/21 8,048 [8,086 10,150 5/9/21 548 548 601
5/16/2
5/23/21 (7,392 [7,428  |11,250 1 1451 452 575
5/23/2
5/30/21 16,713 16,561 13,152 1 373 372 580
5/30/2
6/6/21 (5,994 |5,553 16,388 1 302 292 609
_ 6/6/21 241 219 654
6/13/21 5,365 4,521  [21,163 B UNIVERSITY, VIRG4
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Agent-based Model (ABM )

EpiHiper: Distributed network-based stochastic disease transmission simulations
* Assess the impact on transmission under different conditions

* Assess the impacts of contact tracing

Detailed Disease Course of COVID-19

» Literature based probabilities of outcomes with
appropriate delays

* Varying levels of infectiousness

* Hypothetical treatments for future developments

Synthetic Population
* Census derived age and household structure
* Time-Use survey driven activities at

appropriate locations _
ik UNIVERSITYs VIRGINIA
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ABM Social Distancing Rebound Study Design

Study of ”"Stay Home” policy adherence
Calibration to current state in epidemic
* Implement “release” of different proportions of people from’ staymg at home”

mber by of abandoning Stay at Home

daily new cases (doubling time = 4, serial interval = 7, peak 887 around 2020-05-12) 354
A Remammg Compllant
|\
with stay at home

date best case best guess worst case R
1 2020-05-10 664 852 1079 0.95
2 2020-05-17 666 841 1093 0.91
3 2020-05-24 617 768 1111 0.80
4 2020-05-31 547 705 1064

Impacts on Reproductive number with release
After release, spike in transmission driven by additional interactions at work,

Calibration to Current State .
* Adjust transmission and adherence to current policies to retail, and other

current observations * At 25% release (70-80% remain compliant)
* For Virginia, with same seeding approach as PatchSim + Translates to 15% increase in transmission, which represents a 1/6 return

to pre-pandemic levels
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